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COMBINING SIGNALS WITH A 
SHUFFLED-HADAMARD FUNCTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 10/402,878, filed Mar. 28, 2003; and a 
continuation-in-part of U.S. application Ser. No. 12/356,791, 
filed on Jan. 21, 2009, which is a continuation-in-part of U.S. 
application Ser. No. 10/943,677, filed Sep. 16, 2004, which is 
a continuation U.S. application Ser. No. 09/730,697, filed 
Dec. 5, 2000, now U.S. Pat. No. 6,829,289. Portions of U.S. 
application Ser. Nos. 12/356,791, 10/943,677, 09/730,697 
and 10/402,878 that are not inconsistent with this document 
are herein incorporated by reference. 

TECHNICAL FIELD 

0002 This document relates generally to communication 
systems and methods and, more particularly, to wireless com 
munications systems and methods. 

BACKGROUND 

0003. Some wireless communications systems employ 
code division multiple access (CDMA) protocols. CDMA 
systems may receive digital data, encode the data in one step 
and spread the frequency of the encoded data in a second step. 
The encoding and spreading steps in Such systems may con 
Sume a finite amount of time and processing power, and the 
ability with which a resulting coded and spread signal can 
communicate the received digital data over a medium may 
depend on various factors, such as physical characteristics of 
the medium, available processing power, and process gain 
that is applied in the encoding and spreading steps. In some 
systems, data from multiple channels may be multiplexed or 
otherwise combined into a single stream. 

SUMMARY 

0004. This document describes systems, apparatus and 
methods for efficiently communicating multiple of channels 
of data from a transmitter to a receiver over a medium, in a 
single multiplexed stream. In particular, a transmitter can 
receive data from a number of input channels during each 
symbol period, which is itself divided into a number of chip 
periods. During each chip period, the transmitter can employ 
a multiplexerto select one of the different input channels, and 
a coder to code the received data from the selected channel. In 
Some implementations, the transmitter employs a matrix of 
bits to control the multiplexer and the coder. In some imple 
mentations, the matrix of bits is derived from a Hadamard 
matrix whose rows have been randomly shuffled. A counter 
can index a different row in the matrix of bits during each chip 
period; and the transmitter can employ a first portion of the 
indexed row to select aparticular channel (e.g., by controlling 
the multiplexer with the first portion) and a second portion of 
the indexed row to code the received data (e.g., by Substituting 
the second portion in place of the received data during the 
current chip time). The counter can step through the matrix of 
bits, or a portion of the matrix of bits, during each symbol 
time, such that one bit of data from each channel is coded with 
multiple code bits and multiplexed into a single stream of 
data, which can be transmitted over a medium. A receiver can 
employ a similar counter and matrix of bits to decode and 
demultiplex data received via the medium. 
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0005. The systems, apparatus and methods described in 
this document can provide one or more of the following 
advantages. Multiple data streams may be efficiently coded 
and multiplexed in one operation. In some implementations, 
the frequency content of the data stream can be simulta 
neously spread. Tradeoffs in process gain, throughput and 
signal-to-noise ratios can be efficiently made. 
0006. In one implementation, a computer-implemented 
method is disclosed that comprises receiving, at a transmitter, 
during a symbol time that comprises a plurality of chip times, 
a data value for each of a plurality of distinct data channel 
inputs; and during each chip time, (a) indexing a different row 
of a matrix of data bits, the matrix of data bits having a 
plurality of rows and a plurality of columns, (b) decoding one 
channel from the plurality of distinct data channel inputs 
using a first Subset of one or more columns of the indexed row, 
(c) determining a code value for the decoded one channel 
from a plurality of possible code values that are derived from 
a second subset that is different than the first subset, the 
second Subset comprising of one or more columns of the 
indexed row, and (d) providing the coded data value to a 
transmission circuit for transmission to a receiver. The 
method also involves performing (a) to (d) for each of the 
plurality of chip times in the symbol time. 
0007. In one aspect, the matrix of data bits comprises a 

first matrix that corresponds to a Hadamard matrix whose 
rows have been randomly or pseudo-randomly shuffled. Also, 
the matrix of data bits can comprise a compressed version of 
the first matrix having only columns with power-of-two indi 
ces from the matrix of data bits. Data values received from the 
plurality of distinct data channel inputs and bits in the matrix 
of bits can have binary values, and the first Subset can com 
prise a number of columns corresponding to a base-2 loga 
rithm of a number of data channel inputs in the plurality of 
distinct data channel inputs. 
0008. In other aspects, the method further comprises, at 
the receiver: for each chip time in the symbol time, (e) receiv 
ing a bit from a medium that couples the receiver to the 
transmission circuit, (f) indexing a different row of the matrix 
of data bits, (g) decoding one channel from a plurality of 
distinct data channel outputs, which correspond to the plural 
ity of distinct channel inputs at the transmitter, using the first 
Subset of one or more columns of the indexed row, (h) com 
paring the received bit to each of the plurality of possible code 
values that are derived from the second subset; and output 
ting, for the symbol time and based on performing (h) for a 
plurality of bits for each decoded channel, a data value for 
each of the distinct data channel outputs. The method can also 
comprise synchronizing (a) indexing in the transmitter and (f) 
indexing in the receiver. Moreover, (c) determining the code 
value can comprise determining the code value based on the 
data value. In addition, the data value can be a binary value, 
and (c) determining the code value can comprise selecting a 
different portion of one of two columns of the matrix of data 
bits for each chip time, the one of two columns being selected 
based on the data value. 

0009. In yet other aspects, the data value has one of m 
possible predetermined values, and (c) determining the code 
value comprises selecting a different portion of one of m 
columns of the matrix of data bits for each chip time, the one 
ofm columns being selected based on the data value. Further 
more, (c) determining the code value can comprise applying 
a logical function to bits in two or more columns having 
power-of-two indices in the matrix of data bits. 
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0010. In yet another implementation, a system is disclosed 
that comprises a transmitter comprising: a plurality of data 
channel inputs that receive corresponding data channel input 
values during each symbol time, wherein each symbol time 
comprises a plurality of chip times; a coder that codes each 
data channel input value with a corresponding data channel 
code value; a multiplexer that selects a data channel code 
value for one of the data channel inputs during each chip time; 
and transmit circuitry that transmits the selected data channel 
code value during each chip time to a receiver. The system 
also comprises a receiver having: receive circuitry that 
receives data during each chip time, a demultiplexer that 
associates the received data with a particular data channel, a 
decoder that decodes data received during multiple chip times 
for each data channel, and a plurality data channel outputs 
that each provide decoded data for each data channel during a 
symbol time. The system can also include a controller that 
controls both the coder and the multiplexer based on a matrix 
of data bits. 
0011. In certain aspects, the controller controls the coder 
and multiplexer based on values in a different row of the 
matrix of data bits during each chip time. Also, the matrix of 
data bits can comprise a first matrix that is derived from a 
Hadamard matrix whose rows have been randomly or 
pseudo-randomly shuffled. In addition, the first matrix can 
comprise only columns having power-of-two indices from 
the Hadamard matrix whose rows have been randomly or 
pseudo-randomly shuffled. In other instances, the system fur 
ther comprises a transmitter counter and a receiver counter 
that are synchronized and incremented during a each chip 
time. The transmitter counter can index a row in the matrix of 
bits, and during each chip time, a first portion of indexed row 
can control the coder and a second portion of the indexed row 
can control the multiplexer. 
0012. In one aspect, the receiver counter indexes a row in 
the matrix of bits, and during each chip time, a first portion of 
the indexed row controls the demultiplexer. Also, the receiver 
can further comprise a plurality of correlators that are 
employed, over the course of each symbol time, by the 
decoder to decode received data for each data channel. More 
over, the the plurality of correlators can calculate a correlation 
between received data and each of a plurality of possible data 
channel code values. 
0013 The details of one or more implementations are set 
forth in the accompanying drawings and the description 
below. Other features, objects, and advantages will be appar 
ent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

0014 FIG. 1 shows an example wireless transmitter that 
employs separate channel and PN codes. 
0015 FIG. 2 illustrates an example system that can simul 
taneously multiplex data from multiple input channels, code 
the data and spread its frequency content. 
0016 FIGS. 3A and 3B illustrate an example Hadamard 
matrix and certain properties thereof. 
0017 FIG. 4 illustrates additional detail of the example 
system shown in FIG. 2. 
0018 FIG. 5 illustrates an example correlation process. 
0019 FIGS.6A and 6B illustrate effects of randomly shuf 
fling the matrix of data bits that is shown in FIG. 2. 
0020 FIG. 7 is a flow diagram illustrating a method of 
transmitting and receiving coded, multiplexed data. 
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0021 FIG. 8 shows an example of a computer device and 
mobile computer device that can be used to implement the 
techniques described here. 
0022. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0023 This document describes systems, apparatus and 
methods for efficiently communicating multiple of channels 
of data from a transmitter to a receiver over a medium, in a 
single multiplexed stream. In particular, a transmitter can 
receive data from a number of input channels during each 
symbol period, which is itself divided into a number of chip 
periods. During each chip period, the transmitter can employ 
a multiplexerto select one of the different input channels, and 
a coder to code the received data from the selected channel. In 
Some implementations, the transmitter employs a matrix of 
bits to control the multiplexer and the coder. In some imple 
mentations, the matrix of bits is derived from a Hadamard 
matrix whose rows have been randomly shuffled. A counter 
can index a different row in the matrix of bits during each chip 
period; and the transmitter can employ a first portion of the 
indexed row to select aparticular channel (e.g., by controlling 
the multiplexer with the first portion) and a second portion of 
the indexed row to code the received data (e.g., by Substituting 
the second portion in place of the received data during the 
current chip time). The counter can step through the matrix of 
bits, or a portion of the matrix of bits, during each symbol 
time. Such that one bit of data from each channel is coded with 
multiple code bits and multiplexed into a single stream of 
data, which can be transmitted over a medium. A receiver can 
employ a similar counter and matrix of bits to decode and 
demultiplex data received via the medium. 
0024 FIG. 2 illustrates an example system that can, in one 
operation, multiplex data from multiple input channels, code 
the data and spread its frequency content. For context, FIG. 1 
is first described, which illustrates a system 100 that codes, 
spreads and multiplexes data in three separate operations. 
0025 FIG. 1 shows an example wireless transmitter 101 
that employs separate channel and pseudo-noise (PN) codes 
for coding and frequency-spreading data streams. A multi 
plexer can select between coded and frequency-spread chan 
nels. In particular, FIG. 1 shows user data signals 103A and 
103B (e.g., speech signals), which can, in some implementa 
tions, be digitized by a vocoder 106 and encoded by a con 
volutional encoder 109. The vocoder 106 can both digitize 
and compress the Voice signal 103A in various ways, and the 
convolutional encoder 109 can add information that can be 
Subsequently employed for error correction. 
0026. In some implementations, each n bits of vocoded 
data that are input into the convolutional encoder 109 are 
translated into m symbols. For example, every two bits may 
be coded as a four-bit symbol; as another example, every four 
bits may be coded as an eight-bit symbols; etc. Symbols 
output from the convolutional encoder 109 can be further 
processed by a channel coder 112. In some implementations, 
each stream of data 103A and 103B can be coded with a 
different channel code by a channel coder (e.g., channel coder 
112, which, in some implementations, is a Hadamard-Walsh 
coder). Channel coding each data stream with a different 
channel code can facilitate a system that accommodates many 
users on the same frequency, at the same time. In many 
implementations, each channel of data is assigned an 
orthogonal code, which can minimize the interference 
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between channels. Once channel coded, the frequency con 
tent of each stream of data can be further spread, for example 
by a PN (pseudo-noise) spreader 118. 
0027 Multiple channels of information can be combined 
at a combiner 121, and the output of the combiner 121 can be 
used to modulate a carrier signal 124, which can be used to 
communicate the information through a physical medium. In 
other implementations (not shown), a single channel of data 
can transmitted, and the combiner 121 can be omitted. 
0028. An antenna and air interface are depicted in FIG. 1, 
but communication across other media are possible. For 
example, a carrier light signal could be modulated by the 
combined signal and driven through a fiber optic interface. 
Other carriers and media are possible. 
0029. In some implementations, incoming user data 103A 
may be already digitized data. (That is, the incoming data may 
be in a digital form, rather than in analog or pre-sampled 
audio form.) In such implementations, the vocoder 106 and/ 
or convolutional encoder 109 may be bypassed, and the digi 
tized data may be routed directly (e.g., along path 115) to the 
channel coder 112. 
0030. In the above-described example process, each step 
may add additional data, or process gain, to the original 
signal. For example 9,600 bits per second (bps) of data may be 
output by the vocoder 106, but every two bits from the 
vocoder 106 may be represented by a four bit symbol by the 
convolutional encoder 109, such that the convolutional 
encoder 109 outputs symbol data at a rate of 19.200 bps. 
Similarly, each bit of the symbol data may be combined with 
a 64-bit Walsh code, such that the resulting channel-coded 
symbols are part of a 1,228,800 bps (1.2 Mbps) stream of 
data. 
0031. In some implementations, channel-coded data is 
combined with a spreading code having the same data rate. 
For example, a 1.2 Mbps stream of channel-coded data can be 
combined on a bit-by-bit basis (e.g., with an exclusive-OR 
function) with a 1.2 Mbps PN spreading code. In other imple 
mentations that employ a spreading code, the spreading code 
can add additional data, or process gain, to the output data 
stream. That is, in Such implementations, each bit in the 
channel-coded data stream can be combined with multiple 
PN bits (e.g., 2 bits, 4 bits, 5 bits, 64 bits, etc.). 
0032. Overall process gain can be represented as a loga 
rithm of a spreading ratio (e.g., the ratio of the bandwidth of 
the final processed signal (e.g., the spread, coded signal) to 
the bandwidth of the unprocessed input signal), and may be 
expressed in decibels. Thus, in one of the above examples, the 
process gain can be expressed as 1,228,800/9,600-128, or 10 
logo (128)-21 dB. 
0033. In some contexts, process gain can provide a useful 
indication of how effectively an output signal will convey the 
underlying information through a medium. Put another way, 
process gain can provide an indication of how resistant to 
noise and interference the output signal will be. Generally, the 
higher the process gain, the more noise in a medium a signal 
can tolerate as it is propagated through the medium. In addi 
tion, higher process gain may also indicate that a signal more 
closely resembles noise, spectrally, than a signal with a lower 
process gain. 
0034. As one will understand from the above example, 
process gain and bandwidth are generally inversely related at 
the individual channel level. Thus, output signals that are very 
immune to noise or interference may have less bandwidth 
than signals that are less immune to noise or interference. To 
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put this more concretely, an output signal with twice the 
bandwidth and half the spreading ratio (e.g., a spreading ratio 
of 64, rather than 128 or 10 logo (64)=18 dB, rather than 10 
logo (128)–21 dB) may be less immune to noise and inter 
ference. By balancing process gain with bandwidth param 
eters, a system designer can design a communication system 
to achieve particular reliability, noise or throughput specifi 
cations. 
0035 FIG. 2 illustrates an example system 200 that can 
simultaneously multiplex data from multiple input channels, 
code the data and spread its frequency content. As shown in 
the example of FIG. 2, the system 200 includes a transmitter 
203 and a receiver 206. The transmitter 203 receives data 
from a plurality of input data channels 209A, 209B,209C and 
209D (collectively, “209), codes the data with a coder 212 
into a series of code chips, and multiplexes the data with a 
multiplexer 215. In some implementations, the multiplexer 
215 interleaves the code chips; in other implementations, a 
series of code chips may be sent in sequence for each channel, 
effectively resulting in a time-division multiplexed system. 
Interleaving can, in Some implementations, provide better 
protection against interference by spreading an individual 
channel's chips over a greater length of time. In some imple 
mentations, as described in greater detail below, the coder 212 
codes the data in Such a manner that also spreads its frequency 
content. A transmission circuit 218 transmits a single stream 
of multiplexed, coded (and optionally frequency-spread) data 
over a medium 221, to the receiver 206. 
0036. In some implementations, data may be transmitted 
in binary form, without the need for a carrier signal. For 
example, binary data may be converted to an analog signal 
(e.g., a one-volt signal), and the analog signal may be used to 
directly drive an antenna, as is described in more detail in U.S. 
application Ser. No. 09/772,110, filed Jan. 26, 2001, now U.S. 
Pat. No. 6,982,945. In some implementations, the transmitter 
employs a transmission circuit such as the one shown in and 
described with reference to FIGS. 4A and 4B of U.S. appli 
cation Ser. No. 10/402,878. 
0037. The transmitter 203 can receive new data on each 
input channel 209 during each symbol period. During each 
chip period (e.g., an integer fraction of the symbol period), the 
transmitter 203 can transmit a portion of a representation of 
one of the channels. How large a portion is transmitted can 
depend on various factors, such as the process gain applied to 
each channel, the relative length of the symbol period and the 
chip period (or put differently, the relative symbol and chip 
frequencies), the number of channels, the symbol size, and 
other factors. The representation (e.g., the coded version of 
the input data) may be a Walsh code or portion of a Walsh 
code, or be derived from a Walsh code (or a Hadamard matrix, 
which, in Some implementations can be used to generate 
Walsh codes-both Walsh codes and Hadamard matrices are 
addressed in more detail below). 
0038. For purposes of illustration, four data inputs 209 are 
illustrated in FIG. 2. In a system in which data is input in 
one-bit symbols on each channel during each symbol time, 
and each channel of data is represented as four code bits that 
are interleaved into a single stream, the transmitter can trans 
mit sixteen bits during each symbol period-one bit during 
each chip period-to transmit the four channels one-bit chan 
nels of data. This is merely one example. The reader will 
appreciate that the concepts described herein can be readily 
extended to systems having varying numbers of channels, 
symbol sizes, process gains, etc. 
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0039. The reader will note that in other contexts, “chip 
period’ may correspond more directly to a number of code 
bits employed to represent a symbol of data on a single input 
channel; as used herein, "chip period’ can also be related to a 
number of channels. Thus, in the above example in which 
one-bit input symbols are represented by four code bits, the 
chip period may be one-sixteenth of the symbol period (rather 
than one-fourth), given that there are four channels. 
0040. The receiver 206 includes a receive circuit 224 that 
receives a stream of data via the medium 221, demultiplexes 
the stream of data with a demultiplexer 227, and decodes (and 
effectively despreads) the data with a decoder 230 into a 
number of output channels 233A, 233B, 233C and 233D 
(collectively, “233’) that correspond to the input channels 
209. 

0041. In some implementations, the coder 212 and multi 
plexer 215 can be controlled by a matrix of bits 236. A counter 
239 can index a different row in the matrix of bits 236 during 
each chip time. A first portion 242 of the indexed row can 
control the multiplexer 215, and a second portion 245 of the 
indexed row can control the coder 212. Additional details of 
controlling the multiplexer 215 and coder 212 with the matrix 
of bits 236 are provided with reference to FIG. 4 below. 
0042. At the receiver 206, a similar matrix of bits 248 as 
the matrix 236 employed by the transmitter 203 can control 
the demultiplexer 227 and decoder 230. In particular, a cor 
responding counter 251 can index a different row of the 
matrix of bits 248, and more specifically, a first portion 254 of 
an indexed row of the matrix 248 can control the demulti 
plexer 227 and a second portion 257 can control the decoder 
230. 

0043. The matrix 236 in the transmitter 203 and the matrix 
248 in the receiver 206 can store common values, and their 
corresponding counters 239 and 251 can be synchronized in 
various manners, which are not described here in detail. Such 
that the same row of a common matrix that is used to code and 
multiplex data at the transmitter 203 is also used at the 
receiver 206 to demultiplex and decode corresponding data 
transmitted over the medium 221. 
0044. In some implementations, a large matrix is stored in 
a memory device in each of the transmitter 203 and receiver 
206, and only a portion of the matrix is employed for any 
given transmitter-receiver pair, of which one pair is depicted 
in the various figures. In such implementations, a large num 
ber of transmitters and receivers can be similarly pro 
grammed, and a Small amount of data can be communicated 
between individual transmitter-receiver pairs to coordinate 
which portions of the matrix are to be used for the operations 
described herein. Such implementations can facilitate a flex 
ible and dynamically configurable system for communicating 
data between a large number of devices. 
0045. As indicated above, the matrix of bits 236 is selected 
in Some implementations such that data input to the transmit 
ter 203 is effectively coded, multiplexed and spread, as it 
might be in other CDMA systems (e.g., Such as the system 
100 of FIG. 1, in which these operations may be separately 
performed). In some implementations, the matrix of bits 236 
(and corresponding matrix 248) is derived from a Hadamard 
matrix whose rows have been randomly shuffled. In some 
implementations, each transmitter or receiver stores only a 
portion of a shuffled Hadamard matrix (e.g., only columns 
having power-of-two indices). For additional context, various 
aspects of Hadamard matrices (and Walsh codes) are now 
described. 
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0046. In some implementations, Walsh functions provide 
useful initial code bits. The bits in such Walsh functions can 
be randomly or pseudo-randomly shuffled, which may 
improve the usefulness of such functions for coding data as is 
described above. 
0047 Walsh functions can be generated using an iterative 
process of constructing a Hadamard matrix. Starting with 
H=O), the Hadamard matrix can be built by: 

0048 For example, the Walsh codes of lengths two and 
four are shown respectively as: 

H 

0049. From the corresponding matrices shown above, the 
Walsh codewords are given by the columns (or rows, given 
that an unshuffled Hadamard matrix is symmetrical about its 
main diagonal). These Walsh codes can be useful given that 
they are orthogonal to each other. As such, different signals 
can be coded by different orthogonal Walsh codes, then trans 
mitted over the same frequency channel, and the different 
signals can be recovered at the receiving end using the same 
orthogonal Walsh codes. 
0050. Two additional properties of Walsh codes, and of 
Hadamard matrices from which the Walsh codes can be gen 
erated, are now described. First, Hadamard matrices have a 
property that enables them to be stored in compressed form. 
In particular, as is described in more detail below, only the 
power-of-two columns need to be stored; the rest of the col 
umns can be dynamically determined from the power-of-two 
columns. Second, although short Walsh codes have not typi 
cally been employed as spreading codes, longer Walsh codes 
can be so employed, particularly after the bits in the Walsh 
codes have been shuffled, as described in more detail below. 
0051 Storing Hadamard matrices in compressed form is 
now described. Any column of a Hadamard matrix can be 
dynamically generated from the power-of-two columns of the 
Hadamard matrix, as is depicted in FIGS. 3A and 3B. For 
purposes of referencing particular columns in this descrip 
tion, an 8x8 Hadamard matrix is shown in FIG. 3A, and this 
matrix can be generated in the iterative manner described 
above, or in any other appropriate manner. Each column and 
row is indexed from 0 to 7, and the power-of-two columns 
(i.e., the columns having an index that is a power of two) are 
indicated as such. 
0.052 To generate a column having a particular index from 
the power-of-two column(s), an exclusive-OR function can 
be applied to the power-of-two columns whose values are 1 
in the row corresponding to the particular index of the desired 
column. Thus, with reference to FIG.3B, to generate column 
5, the rows corresponding to row index 5 in each of the 
power-of-two columns can be inspected, and an excusive-OR 
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function can be applied to those power-of-two columns hav 
ing a 1 in the 5 row. In this example, the “2” and “2” 
columns have a 1 in row 5, so an exclusive-OR function 
can be applied (e.g., cell-by-cell, in each row) to these col 
umns to dynamically generate column 5), as shown. This 
same process can be applied to generate any other column of 
the matrix. 
0053. In the preceding example, the Hadamard matrix is 
small, and relative to the small size, it may be efficient to store 
all columns of the matrix, rather than dynamically generating 
columns that are not power-of-two columns. For larger Had 
amard matrices, however, storing the Hadamard matrix in 
compressed form can significantly reduce the size of memory 
needed to store the matrix. For example, a Hadamard matrix 
having dimensions 2'x2' can be stored as a 2 xN matrix. For 
N=13, compressing the Hadamard matrix as described above 
results in a matrix having 8192x13 entries (e.g., just under 
128 K entries), rather than the 8192x8192 entries (-56 M 
entries) that the matrix would have in uncompressed form. 
Compression in this manner with N=13 results in a matrix 
that is about 630 times smaller than its uncompressed coun 
terpart. 
0054 Modifying the above-described Hadamard matrix in 
a manner that improves its ability to perform a spreading 
function is now described. As indicated above, Walsh codes 
(e.g., the columns of a Hadamard matrix) are not generally 
employed to spread the spectral content of a data signal. In 
part, this may be because the spectral density of many stan 
dard Walsh codes is concentrated in a small number of dis 
crete frequencies—as may be evident from inspection of the 
example 4x4 and 8x8 Hadamard matrices above and in FIG. 
3A, respectively—and more particularly, from the observa 
tion from these matrices that several columns have regular 
patterns of bits (resulting in a concentration of energy at 
discrete corresponding points within the frequency domain). 
However, by randomly, or pseudo-randomly shuffling the 
rows of the Hadamard matrix, desirable properties of the 
Hadamard matrix can be maintained (e.g., the orthogonal 
nature of the columns relative to each other, as is described in 
greater detail below), and the spreading ability of the matrix 
can be improved—resulting in a shuffled-Hadamard matrix 
that can be used for both coding and spreading. 
0055 Properties of a Hadamard matrix whose rows have 
been randomly shuffled are now briefly discussed. First, with 
respect to the compressibility described above, because any 
column of a Hadamard matrix can be dynamically generated 
by applying an exclusive-OR function to certain power-of 
two columns on a row-by-row basis, and since shuffling rows 
affects each column in the row, shuffling has no impact on the 
column values, relative to each other, within any given row. 
Accordingly, whether the rows are shuffled or not, the Had 
amard matrix can be compressed as described above. 
0056 Second, with respect to the orthogonality of the 
columns in the Hadamard matrix relative to each other (which 
can enable the columns to be used as channel codes), shuffling 
the rows affects each column, Such that each column code is 
modified but in a manner that maintains the orthogonality of 
the columns relative to each other. 

0057 Third, randomly shuffling the rows has a similar 
effect as modulating with a PN a channel-coded signal in a 
conventional system—namely the random shuffling can 
introduce considerable spectral diversity to the code, and that 
diversity can increase as the length of the code increases (i.e., 
as the number of rows in the Hadamard matrix increases). 
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Thus, by using a Sufficiently long code (e.g., on the order of 
8K, 4K, 1 K, 512 bits, 256 bits, 128 bits, etc.), drawn from a 
correspondingly dimensioned Hadamard matrix with ran 
domly shuffled rows, a data signal can be effectively channel 
coded and spread simultaneously. 
0058 FIG. 4 illustrates additional detail of the system 200 
shown in FIG. 2. In particular, FIG. 4 illustrates an unshuffled 
16x16 Hadamard matrix 236, and a compressed version 236 
of the same (where only the columns having power-of-two 
indices are stored). Each column of the Hadamard matrix 236 
can be used to provide (or generate, in the case of the com 
pressed matrix 236) code bits for coding data received from 
the input data channels 209. 
0059 For purposes of reference, various columns are 
referred to hereinas CODE, CODE, CODE, CODE, etc. 
Thus, CODE refers to column 3 of the full Hadamard matrix 
236. From the compressed Hadamard matrix 236', columns 
having indices other than powers-of-two. Such as column 3, 
can be generated (e.g., dynamically at the transmitter or 
receiver) by applying, bitwise, an exclusive-OR function to 
appropriate power-of-two columns, as described above. 
Thus, to generate column 3, an exclusive-OR function can be 
applied, bit-wise, to columns 2 and 1—both of which are 
included in the compressed matrix 236'. 
0060. In some implementations, such as the one depicted 
in FIG. 4, the same codes can be employed to code each 
channel of data. In particular, for example, codes 2 and 3 are 
used to encode data on each of the data channels 209A, 209B, 
209C, and 209D. Coding can include selecting between the 
relevant codes based on the value of the data channel input. 
Thus, in the example depicted, code 2 (or a portion thereof) 
can be employed for any channel that has a value of 0, and 
code 3 (or a portion thereof) can be employed for any channel 
that has a value of 1. In this manner, one portion 245 of the 
matrix 236' can be employed to code incoming data. 
0061. In this example, each data channel provides a single 
bit of data during each symbol time. In other implementa 
tions, each data channel may provide multiple bits of data, in 
which case more than two codes can be employed to code the 
data. For example, if a symbol of input data includes two bits, 
the two bits could be used to select one of four different codes; 
if a symbol of input data includes three bits, the three bits 
could be used to select one of eight codes; etc. Any Suitable 
mapping between data symbols and corresponding codes can 
be employed. 
0062 Coded data from each channel can be selected for 
incorporation into a single stream of data by the multiplexer 
215, and the multiplexercan be controlled by another portion 
242 of the matrix 236'. That is, other columns of a counter 
239-indexed row of the matrix 236' can select a particular 
multiplexer input, corresponding to a different data channel. 
Thus, in the example shown, when the counter 239 indexes 
any of the first four rows of the matrix 236', columns 8 and 4 
(the portion 242 of the matrix 236', in this example) have 
values of “00, enabling the coded version of channel 209A to 
be passed through to the output 216; when the counter 239 
indexes any of the last four rows of the matrix 236', columns 
8 and 4 have values of “11” enabling the coded version of 
channel 209D to be passed through to the output 216; etc. 
0063. By operating the counter at an appropriate chip rate, 
and employing the portions 242 and 245 of the matrix 236' as 
described above, data at the data input channels 209A-D can 
be processed during each symbol time in a manner that codes 
and multiplexes the data, using the matrix 236'. 
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0064. Because of the multiplexing, only a portion of the 
relevant code is used to represent data values received from 
each data input channel. Thus, in this example, because there 
are four channels, only one-fourth of the code (e.g., CODE 
or CODE) is used to encode data for any given channel. In 
this example, such short portions of the code may be difficult 
to correlate properly at the receiver 206, and the coded data 
may be susceptible to corruption in the medium 221. How 
ever, making the codes Sufficiently long relative to the number 
of channels can overcome any Such limitations, and a system 
designer can tailor the code length (which, in Some imple 
mentations, corresponds to the size of a Hadamard matrix that 
is employed to generate the codes) to set the process gain to a 
level sufficient to achieve a desired level of noise resistance or 
correlation efficiency. 
0065. The examples above describe first coding input data, 
then multiplexing the data; and the figures show physical 
components that perform each function. The figures and 
descriptions are provided for purposes of explanation only. In 
Some implementations, the steps of coding and multiplexing 
(and spreading, as described in more detail below) can be 
actions of routing particular bits from the matrix 236 (or 236") 
to an output, where the particular bits are drawn from particu 
lar columns of a counter 239 indexed row of the matrix. 
That is, in Some implementations, logic associated with a 
memory device that stores the matrix can essentially perform 
the various operations simultaneously, or nearly simulta 
neously. 
0066. At the receiver 206, a similar matrix 248 can be 
employed to control the demultiplexer 227 and decoder 230 
(see FIG. 2). That is, the counter 251, when appropriately 
synchronized with the counter 239, can index a row of the 
matrix 248, and use a portion 254 of the indexed row to 
determine which channel to assign an incoming bit received 
from the medium. Another portion of the index row can be 
employed to identify possible expected code values against 
which to correlate an incoming bit. 
0067 Correlating incoming bits to expected values can be 
performed over the entire symbol period. For example, as the 
counter 251 indexes rows in the matrix 248, bits correspond 
ing to portions of the possible codes can be stored in a corr 
elator, as well as the incoming bits. After a sufficient number 
of bits have been received for a particular channel, and a 
Sufficient portion of the possible codes against which to cor 
relate the received bits have been stored, the correlation can 
be made. In particular, for example with reference to FIG. 4, 
after the counter 239 has stepped through the first four rows of 
the matrix 236', coded data for channel 209A will have been 
sent. In particular, bits “O110' will have been output (that is, 
the first four bits of CODE). At the receiver 206, assuming no 
corruption in data within the medium 221, and assuming that 
the transmitter 203 and receiver 206 are synchronized, the 
value “0110' will be received, and a correlator (not shown in 
FIG. 4) at the receiver 206 will be able to compare the 
received data “0110” to "0011” (the first four bits of CODE) 
and “0110” (the first four bits of CODE) the only two 
expected values for data for channel 209A. The correlator will 
determine a match with CODE (or calculate a stronger cor 
relation, as outlined below) and determine that the transmitter 
203 sent a coded representation of a 1 for data channel 
209A. Accordingly, the receiver 206 will output a 1 at data 
output 233A for the corresponding symbol time. This process 
can be repeated for other data channels within the symbol 
time, and for other symbol times. 
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0068 An example correlation process is further described 
with reference to FIG. 5. For purposes of illustration, the 
example illustrated in FIG.5 assumes that eight received bits 
(“11001111) are to be correlated to one of four possible 
symbols employed by the transmitter ("00110011”, 
“00001111”, “01010110”, and “00111100). The example 
further assumes that two bits have been corrupted. In particu 
lar, the example assumes that the transmitter sent 
“00001111, but that the receiver received “11001111 
Finally, this example assumes that the receiver 206 has 
already demultiplexed received bits into a single channel (as 
well as the possible code bits, which may have been dynami 
cally stored in temporary memory associated with the corr 
elators) as the counter 251 indexed the matrix of bits 248. The 
correlators themselves may be included in the decoder 230 
shown in FIG. 3. 
0069 FIG. 5 provides a pictorial representation of one 
example method of correlating received data to possible code 
bits that may correspond to the received block of data. The 
reader will appreciate that this description represents a con 
ceptual simplification to graphically illustrate one of many 
possible mathematical and algorithmic methods of correlat 
ing two different signals. Any appropriate correlation method 
can be employed. 
0070. As depicted in the example of FIG. 5, incoming data 
(e.g., the data 501 (“11001111), which was described above 
as being subjected to interference) is received by a receive 
circuit 503. The incoming data can be provided to each of a 
number of correlators 506A, 506B, 506C and 506D, as 
shown, and each correlator can compare the incoming data to 
a different possible set of code bits (e.g., code bits that a 
corresponding transmitter may have employed in transmit 
ting the data). 
0071. As shown in this example, correlator 506A com 
pares the incoming data to code bits "00110011: correlator 
506B compares the incoming data to code bits “11001111”: 
and so on. In one implementation, each correlator 506A-D 
may determine how many bits of the incoming data match 
corresponding bits in the possible symbol; in other imple 
mentations, a more complex correlation process is per 
formed. For purposes of illustration, a simple number-of 
matching-bits-comparison is depicted. In this illustration, six 
bits of incoming data match corresponding bits in correlator 
506B, while only four or two bits of the incoming data match 
incorrelators 506A, 506C or 506D. Thus, in this example, the 
correlators 506A-D would determine that the incoming data 
is most strongly correlated with code bits "00001111.” Other 
circuitry coupled with the correlators 506A-D can cause out 
put to be provided that corresponds to whatever data value 
was coded as “00001111 at the transmitter. 
0072 Returning to the example of coding individual bits 
of data with portions of either CODE (in the case of a “0” on 
the corresponding transmitter data channel) or portions of 
CODE (in the case of a 1 on the corresponding transmitter 
data channel), determination by correlators that CODE is 
most strongly correlated with received data for a particular 
channel can result in a 1 being output at the receiver for that 
channel. 

0073. Using a correlation process like the one described 
above (or any other Suitable correlation process), transmitted 
data can be recovered at the receiver 206, even if individual 
code bits are corrupted during the transmission process 
through the medium 221. As the reader will appreciate, the 
mode code bits that are used to code a particular number of 
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data bits (or put another way, the greater the process gain), the 
more resistant a system may be to noise or other data corrup 
tion. 
0074 So far, examples have been provided in which an 
unmodified Hadamard matrix is employed for coding and 
multiplexing, or for demultiplexing and decoding. In the 
examples provided, code bits for particular data channels are 
positioned as consecutive bits within a symbol time. Thus, 
with reference to FIG. 6A, which provides additional detail 
for the system shown in FIG. 2 (in FIG. 6A channels are 
referred to as A. B. C. and 'D' for simplicity, rather than 
209A, 209B, 209C, and 209D), the output data stream 601 
provides code bits first for channel A, then for channel B, and 
so on, as the counter 239 steps through each row of the matrix 
236 (only a portion of which is shown in FIG. 6A). Concen 
trating coded channel data in this manner can increase the 
chance that interference will disrupt an entire channel of data. 
0075 To increase the robustness of the system, code bits 
for the different channels can be interleaved (e.g., randomly). 
One method of randomly interleaving code bits for the dif 
ferent channels is to randomly shuffle the rows of the matrix 
236' that is used to control the multiplexing, as shown in FIG. 
6B. FIG. 6B shows a portion of a shuffled matrix (matrix 
236") that can be used to control the multiplexer, as well as a 
resulting data stream 603. As depicted, the output data stream 
603 includes interleaved code bits for the data channels. That 
is, one code bit is provided for channel D, followed by a code 
bit for channel C, followed by a code bit for channel A, and so 
O 

0076 Such interleaving can increase the robustness of 
individual channels by reducing the chance that a short burst 
of interference (e.g., interference over several chip times) will 
affect all code bits for a particular channel. Moreover, the 
interleaving may have the affect of spreading the frequency 
content of the output stream by minimizing patterns in the 
data that might otherwise result from consecutive transmis 
sion of code bits for each channel. For example, in an un 
interleaved/unshuffled implementation, transmission in the 
manner described above of the same value for each data 
channel would result in the same code-bit pattern being sent 
four times; Such a regular pattern would have particularly 
focused frequency content. Such a scenario is less likely if the 
code bits for each channel are interleaved in implementations 
in which a randomly shuffled matrix 236" is employed to 
multiplex code bits from various channels. 
0077 Randomly shuffling the rows of the matrix of bits 
236' can result in the codes themselves having frequency 
content that is spread out more than codes drawn from a 
matrix of bits 236 (e.g., a Hadamard matrix) with unshuffled 
rows. For example, referring back to coding data channels 
with portions of CODE or portions of CODE, unshuffled 
portions of these codes may have regular patterns of bits and 
correspondingly focused frequency content. In contrast, 
shuffled codes may have more random patterns of bits, which 
can tend to spread the frequency content farther out. 
0078. The reader will appreciate that for the codes drawn 
from a matrix of bits that is derived from a Hadamard matrix 
with randomly shuffled rows to provide any spreading func 
tion, far more than four code bits per data bit will generally be 
needed. That is, in practice, Hadamard matrices of dimension 
far greater than 16x16 may be advantageously employed. For 
example, an 8 kx8k Hadamard matrix may be employed Such 
that each code (e.g., CODE or CODE in the example above) 
has 8192 bits. For a system having four channels, as described 

Dec. 10, 2009 

above, 8.192/4=1024 code bits would be employed to code 
each channel of data for any given symbol time. In contrast to 
four bits, 1024 bits may be sufficient to provide a spreading 
function, particularly in conjunction with the additional 
spreading that inherently results from randomly interleaving 
the channels, as is described above. Thus, in some implemen 
tations, if a sufficiently dimensioned shuffled-Hadamard 
matrix is employed, data from multiple channels can be effec 
tively and efficiently coded, multiplexed and spread. More 
over, by adjusting the length of each code (e.g., the size of the 
underlying shuffled-Hadamard matrix, or portion that is 
used), the symbol rate, the symbol size, the chip rate, and 
other system parameters, a system designer can achieve Vari 
ous design goals and tradeoffs between process gain, signal 
to-noise ratio, throughput, etc. 
(0079 FIG. 7 is a flow diagram of an example method 700 
by which data can be received from multiple channels at a 
transmitter, and coded, multiplexed and transmitted to a 
receiver, where it can be demultiplexed and decoded. The 
method 700 is depicted as being performed partially at a 
transmitter (e.g., the transmitter 203, shown in FIG. 2) and 
partially at a receiver (e.g., the receiver 206, shown in FIG. 2). 
In some implementations, the method can be employed in 
other devices; the devices can be arranged in other ways; and 
various actions can omitted, added or reordered. The method 
700 is now described with reference to the previous figures. 
0080. As shown, the method 700 includes receiving (701), 
during a symbol time, a data value for each of a number of 
channels. For example, with reference to FIG. 2, the trans 
mitter 203 can receive a data bit for each of the channels 
209A-D for a particular symbol time. 
I0081 For each chip time in the symbol time, the method 
700 includes indexing (704) a row in a matrix of data bits, 
decoding (707) a channel, determining (710) a code bit, and 
transmitting (713) the code bit. In particular, the counter 239 
can increment once during each chip time, and a value of the 
counter can be used to index (704) a particular row in the 
matrix of bits 236, which, in some implementations is a 
Hadamard matrix with randomly shuffled rows, which is 
stored in compressed form in a memory device associated 
with the transmitter 203. 

I0082. A portion 242 of the indexed row (e.g., two columns 
of the matrix 236, or of a compressed version 236' of the 
matrix) can be used to decode (707) a particular channel. That 
is, the bits in the columns corresponding to the portion 242 
can be employed to control the multiplexer 215. More par 
ticularly, for the system 200 of FIG. 2, a portion 242 of the 
indexed row having a value of "00" can cause channel 209A 
to be decoded; a portion 242 of the indexed row having a value 
of “01 can cause channel 209B to be decoded; etc. 
I0083. Another portion 245 of the indexed row (e.g., one of 
a number of different columns that are employed to Supply 
code bits) can be used to determine (710) a code bit for the 
current chip time and decoded channel. This is represented 
pictorially in FIG. 2 with a coder 212, but an actual imple 
mentation may physically route a particular bit from the 
matrix 236 or 236' to a transmission circuit 218. The trans 
mission circuit can physically transmit the bit over the 
medium 221, to the receiver 206. In some implementations, 
the transmission circuit transmits the bit directly, without 
employing a carrier signal (e.g., by converting the bit to an 
analog signal and driving an antenna with the analog signal). 
Other implementations employ other suitable methods for 
transmitting the bit. 
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I0084. The method 700 includes determining (715) 
whether there are more chips to process for a given symbol. In 
particular, the transmitter 203 can determine whether the 
counter 239 has stepped through all relevant rows of the 
matrix of bits 236 or 236'. If not, the method continues index 
ing (704), decoding (707), determining (710) code bits, and 
transmitting (713) the code bits, until the appropriate number 
of code bits have been transmitted for each data channel, for 
a given symbol. 
I0085. The method includes determining (717) whether 
additional symbols are to be processed and proceeds accord 
ingly. For example, the transmitter can continue processing 
data values on the input channels 209A-D as long as new data 
is provided to the transmitter. 
0086 On the receiver end, the method 700 includes, for 
each chip time in a given symbol time, receiving (720) a bit, 
indexing (723) a row in a matrix of data bits, decoding (726) 
a channel, and comparing (729) the received bit to possible 
expected bits. 
0087. In particular, the receive circuitry 224 at the receiver 
206 can receive (720) bits that are transmitted from the trans 
mitter 203, through the medium 221. The counter 251 can 
increment once during each chip time, and a value of the 
counter 251 can be employed to index (723) the matrix of bits 
248. As indicated above, the matrix 248 can correspond to the 
matrix 236 or 236' in the transmitter, and the counter 251 and 
the counter 239 can be appropriately synchronized. 
I0088 A portion 254 of the indexed (723) row can be 
employed to decode a channel, in a similar manner as is 
described above with reference to the transmitter 203. 
Another portion 257 of indexed row can be employed to 
decode the received bit. More particularly, the other portion 
257, which may include multiple columns that provide pos 
sible code bits for a data value at the transmitter, can be 
employed to load temporary memory associated with a corr 
elator. With reference to FIG. 5, for example, a reference 
portion 509 of each correlator 506A-D can be progressively 
loaded with a value from each column in the indexed row that 
provides a possible expected code bit. A comparison portion 
512 of each correlator can be progressively loaded with a 
copy of the received bit value. In this manner, as the counter 
251 steps through the matrix of bits 248, the various correla 
tors are loaded, such that at then end of symbol time, a 
correlation can be calculated between the received bits and 
each possible set of code bits. Based on the strongest calcu 
lated correlation, a bit can be output (733) for each channel of 
data. For example, the decoder 230 can output a value for each 
channel 233 A-D, during each symbol period, based on the 
indexing, demultiplexing, decoding and correlation process 
described above. 

0089. As depicted, the output data values can be provided 
(733) after the receiver has determined (732) that all chips for 
a given symbol have been processed. In other implementa 
tions, values may be output (733) before all chips have been 
processed. For example, in Some implementations, it may be 
possible to make a correlation with some level of certainty 
before all chips have been processed. In other implementa 
tions, a predicted value for each channel may be output (733) 
throughout a given symbol time and updated as necessary as 
the correlation process progresses. 
0090. As shown, the reception process can continue until it 

is determined (735) that there are no more symbols to process. 
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For example, the receiver 206 can continue providing data at 
the outputs 233 A-D as long as data bits are received by the 
receive circuitry 224. 
(0091. The method 700 is illustrated and described as pro 
viding coding (710) and multiplexing (707) on the transmit 
end, and demultiplexing (726) and decoding (729) on the 
receive end. As the reader will appreciate from the earlier 
description, the coding and decoding can include, in some 
implementations, spreading and dispreading, depending on 
the number of code bits used for each data bit and the manner 
in which the code bits are selected and the multiplexing is 
performed. In particular, use of a sufficiently dimensioned 
Hadamard matrix whose rows have been randomly shuffled 
can result in a data being coded, multiplexed and spread at a 
transmitter, and demultiplexed, decoded and despread at a 
receiver. 
0092 FIG. 8 shows an example of a generic computer 
device 800 and a generic mobile computer device 850, which 
may be used with the techniques described here. Computing 
device 800 is intended to represent various forms of digital 
computers, such as laptops, desktops, workstations, personal 
digital assistants, servers, blade servers, mainframes, and 
other appropriate computers. Computing device 850 is 
intended to represent various forms of mobile devices, such as 
personal digital assistants, cellular telephones, Smartphones, 
and other similar computing devices. The components shown 
here, their connections and relationships, and their functions, 
are meant to be exemplary only, and are not meant to limit 
implementations of the inventions described and/or claimed 
in this document. 
0093 Computing device 800 includes a processor 802. 
memory 804, a storage device 806, a high-speed interface 808 
connecting to memory 804 and high-speed expansion ports 
810, and a low speed interface 812 connecting to low speed 
bus 914 and storage device 806. Each of the components 802. 
804, 806, 808, 810, and 812, are interconnected using various 
busses, and may be mounted on a common motherboard or in 
other manners as appropriate. The processor 802 can process 
instructions for execution within the computing device 800, 
including instructions stored in the memory 804 or on the 
storage device 806 to display graphical information for a GUI 
on an external input/output device, such as display 816 
coupled to high speed interface 808. In other implementa 
tions, multiple processors and/or multiple buses may be used, 
as appropriate, along with multiple memories and types of 
memory. Also, multiple computing devices 800 may be con 
nected, with each device providing portions of the necessary 
operations (e.g., as a server bank, a group of blade servers, or 
a multi-processor system). 
0094. The memory 804 stores information within the com 
puting device 900. In one implementation, the memory 804 is 
a volatile memory unit or units. In another implementation, 
the memory 804 is a non-volatile memory unit or units. The 
memory 804 may also be another form of computer-readable 
medium, Such as a magnetic or optical disk. 
0.095 The storage device 806 is capable of providing mass 
storage for the computing device 800. In one implementation, 
the storage device 806 may be or contain a computer-readable 
medium, Such as a floppy disk device, a hard disk device, an 
optical disk device, or a tape device, a flash memory or other 
similar solid state memory device, or an array of devices, 
including devices in a storage area network or other configu 
rations. A computer program product can be tangibly embod 
ied in an information carrier. The computer program product 
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may also contain instructions that, when executed, perform 
one or more methods, such as those described above. The 
information carrier is a computer- or machine-readable 
medium, such as the memory 804, the storage device 806, 
memory on processor 802, or a propagated signal. 
0096. The high speed controller 808 manages bandwidth 
intensive operations for the computing device 800, while the 
low speed controller 812 manages lower bandwidth-intensive 
operations. Such allocation of functions is exemplary only. In 
one implementation, the high-speed controller 808 is coupled 
to memory 804, display 816 (e.g., through a graphics proces 
sor or accelerator), and to high-speed expansion ports 810, 
which may accept various expansion cards (not shown). In the 
implementation, low-speed controller 812 is coupled to stor 
age device 806 and low-speed expansion port 814. The low 
speed expansion port, which may include various communi 
cation ports (e.g., USB, Bluetooth, Ethernet, wireless 
Ethernet) may be coupled to one or more input/output 
devices, such as a keyboard, a pointing device, a scanner, or a 
networking device Such as a Switch or router, e.g., through a 
network adapter. 
0097. The computing device 800 may be implemented in a 
number of different forms, as shown in the figure. For 
example, it may be implemented as a standard server 820, or 
multiple times in a group of Such servers. It may also be 
implemented as part of a rack server system 824. In addition, 
it may be implemented in a personal computer Such as a 
laptop computer 822. Alternatively, components from com 
puting device 800 may be combined with other components 
in a mobile device (not shown), such as device 850. Each of 
Such devices may contain one or more of computing device 
800, 850, and an entire system may be made up of multiple 
computing devices 800, 8950 communicating with each 
other. 
0098 Computing device 850 includes a processor 852, 
memory 864, an input/output device such as a display 854, a 
communication interface 866, and a transceiver 968, among 
other components. The device 850 may also be provided with 
a storage device, such as a microdrive or other device, to 
provide additional storage. Each of the components 850, 852, 
864, 854, 866, and 868, are interconnected using various 
buses, and several of the components may be mounted on a 
common motherboard or in other manners as appropriate. 
0099. The processor 852 can execute instructions within 
the computing device 850, including instructions stored in the 
memory 864. The processor may be implemented as a chipset 
of chips that include separate and multiple analog and digital 
processors. The processor may provide, for example, for 
coordination of the other components of the device 850, such 
as control of user interfaces, applications run by device 850, 
and wireless communication by device 850. 
0100 Processor 852 may communicate with a user 
through control interface 858 and display interface 856 
coupled to a display 854. The display 85.4 may be, for 
example, a TFT LCD (Thin-Film-Transistor Liquid Crystal 
Display) or an OLED (Organic Light Emitting Diode) dis 
play, or other appropriate display technology. The display 
interface 85.6 may comprise appropriate circuitry for driving 
the display 854 to present graphical and other information to 
a user. The control interface 858 may receive commands from 
a user and convert them for submission to the processor 852. 
In addition, an external interface 862 may be provide in 
communication with processor 852, so as to enable near area 
communication of device 850 with other devices. External 
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interface 862 may provide, for example, for wired communi 
cation in some implementations, or for wireless communica 
tion in other implementations, and multiple interfaces may 
also be used. 
0101 The memory 864 stores information within the com 
puting device 850. The memory 864 can be implemented as 
one or more of a computer-readable medium or media, a 
Volatile memory unit or units, or a non-volatile memory unit 
or units. Expansion memory 874 may also be provided and 
connected to device 850 through expansion interface 872, 
which may include, for example, a SIMM (Single In Line 
Memory Module) card interface. Such expansion memory 
874 may provide extra storage space for device 950, or may 
also store applications or other information for device 850. 
Specifically, expansion memory 874 may include instruc 
tions to carry out or Supplement the processes described 
above, and may include secure information also. Thus, for 
example, expansion memory 874 may be provide as a security 
module for device 850, and may be programmed with instruc 
tions that permit secure use of device 850. In addition, secure 
applications may be provided via the SIMM cards, along with 
additional information, Such as placing identifying informa 
tion on the SIMM card in a non-hackable manner. 
0102 The memory may include, for example, flash 
memory and/or NVRAM memory, as discussed below. In one 
implementation, a computer program product is tangibly 
embodied in an information carrier. The computer program 
product contains instructions that, when executed, perform 
one or more methods, such as those described above. The 
information carrier is a computer- or machine-readable 
medium, such as the memory 964, expansion memory 874, 
memory on processor 852, or a propagated signal that may be 
received, for example, over transceiver 868 or external inter 
face 962. 
0103) Device 850 may communicate wirelessly through 
communication interface 866, which may include digital sig 
nal processing circuitry where necessary. Communication 
interface 86.6 may provide for communications under various 
modes or protocols, such as GSM voice calls, SMS, EMS, or 
MMS messaging, CDMA, TDMA, PDC, WCDMA, 
CDMA2000, or GPRS, among others. Such communication 
may occur, for example, through radio-frequency transceiver 
868. In addition, short-range communication may occur, Such 
as using a Bluetooth, WiFi, or other such transceiver (not 
shown). In addition, GPS (Global Positioning System) 
receiver module 870 may provide additional navigation- and 
location-related wireless data to device 850, which may be 
used as appropriate by applications running on device 850. 
0104 Device 850 may also communicate audibly using 
audio codec 860, which may receive spoken information from 
a user and convert it to usable digital information. Audio 
codec 860 may likewise generate audible sound for a user, 
Such as through a speaker, e.g., in a handset of device 850. 
Such sound may include Sound from Voice telephone calls, 
may include recorded sound (e.g., voice messages, music 
files, etc.) and may also include sound generated by applica 
tions operating on device 850. 
0105. The computing device 850 may be implemented in a 
number of different forms, as shown in the figure. For 
example, it may be implemented as a cellular telephone 880. 
It may also be implemented as part of a smartphone 882, 
personal digital assistant, or other similar mobile device. 
0106 Device 850 may also include one or more different 
devices that are capable of sensing motion. Examples include, 
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but are not limited to, accelerometers and compasses. Accel 
erometers and compasses, or other devices that are capable of 
detecting motion or position are available from any number of 
Vendors and can sense motion in a variety of ways. For 
example, accelerometers can detect changes in acceleration 
while compasses can detect changes in orientation respective 
to the magnetic North or South Pole. These changes in motion 
can be detected by the device 850 and used to update the 
display of the respective devices 850 according to processes 
and techniques described herein. 
0107 Various implementations of the systems and tech 
niques described here can be realized in digital electronic 
circuitry, integrated circuitry, specially designed ASICs (ap 
plication specific integrated circuits), computer hardware, 
firmware, software, and/or combinations thereof. These vari 
ous implementations can include implementation in one or 
more computer programs that are executable and/or interpret 
able on a programmable system including at least one pro 
grammable processor, which may be special or general pur 
pose, coupled to receive data and instructions from, and to 
transmit data and instructions to, a storage system, at least one 
input device, and at least one output device. 
0108. These computer programs (also known as pro 
grams, Software, Software applications or code) include 
machine instructions for a programmable processor, and can 
be implemented in a high-level procedural and/or object 
oriented programming language, and/or in assembly/ma 
chine language. As used herein, the terms “machine-readable 
medium” “computer-readable medium” refers to any com 
puter program product, apparatus and/or device (e.g., mag 
netic discs, optical disks, memory, Programmable Logic 
Devices (PLDs)) used to provide machine instructions and/or 
data to a programmable processor, including a machine-read 
able medium that receives machine instructions as a machine 
readable signal. The term “machine-readable signal' refers to 
any signal used to provide machine instructions and/or data to 
a programmable processor. 
0109 To provide for interaction with a user, the systems 
and techniques described here can be implemented on a com 
puter having a display device (e.g., a CRT (cathode ray tube) 
or LCD (liquid crystal display) monitor) for displaying infor 
mation to the user and a keyboard and a pointing device (e.g., 
a mouse or a trackball) by which the user can provide input to 
the computer. Other kinds of devices can be used to provide 
for interaction with a user as well; for example, feedback 
provided to the user can be any form of sensory feedback 
(e.g., visual feedback, auditory feedback, or tactile feed 
back); and input from the user can be received in any form, 
including acoustic, speech, or tactile input. 
0110. The systems and techniques described here can be 
implemented in a computing system that includes a back end 
component (e.g., as a data server), or that includes a middle 
ware component (e.g., an application server), or that includes 
a front end component (e.g., a client computer having a 
graphical user interface or a Web browser through which a 
user can interact with an implementation of the systems and 
techniques described here), or any combination of Such back 
end, middleware, or front end components. The components 
of the system can be interconnected by any form or medium 
of digital data communication (e.g., a communication net 
work). Examples of communication networks include a local 
area network (“LAN), a wide area network (“WAN”), and 
the Internet. 
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0111. The computing system can include clients and Serv 
ers. A client and server are generally remote from each other 
and typically interact through a communication network. The 
relationship of client and server arises by virtue of computer 
programs running on the respective computers and having a 
client-server relationship to each other. 
0112 A number of implementations have been described. 
Nevertheless, it will be understood that various modifications 
may be made. For example, various forms of the flows shown 
above may be used, with steps re-ordered, added, or removed. 
Bits are described throughout the document in the context of 
binary values. In some implementations, data having more 
than two possible values can be processed. For example, the 
systems, methods and apparatus described may be modified 
to accommodate multistate values having three, four, or more 
possible states. 
0113. Accordingly, other implementations are within the 
Scope of the following claims. 
What is claimed is: 
1. A computer-implemented method, comprising: 
receiving, at a transmitter, during a symbol time that com 

prises a plurality of chip times, a data value for each of a 
plurality of distinct data channel inputs; and 

during each chip time, (a) indexing a different row of a 
matrix of data bits, the matrix of data bits having a 
plurality of rows and a plurality of columns; (b) decod 
ing one channel from the plurality of distinct data chan 
nel inputs using a first Subset of one or more columns of 
the indexed row; (c) determining a code value for the 
decoded one channel from a plurality of possible code 
values that are derived from a second subset that is 
different than the first subset, the second subset compris 
ing of one or more columns of the indexed row; (d) 
providing the coded data value to a transmission circuit 
for transmission to a receiver; and 

performing (a) to (d) for each of the plurality of chip times 
in the symbol time. 

2. The method of claim 1, wherein the matrix of data bits 
comprises a first matrix that corresponds to a Hadamard 
matrix whose rows have been randomly or pseudo-randomly 
shuffled. 

3. The method of claim 2, wherein the matrix of data bits 
comprises a compressed version of the first matrix having 
only columns with power-of-two indices from the matrix of 
data bits. 

4. The method of claim 2, wherein data values received 
from the plurality of distinct data channel inputs and bits in 
the matrix of bits have binary values. 

5. The method of claim 4, wherein the first subset com 
prises a number of columns corresponding to a base-2 loga 
rithm of a number of data channel inputs in the plurality of 
distinct data channel inputs. 

6. The method of claim 1, further comprising, at the 
receiver: 

for each chip time in the symbol time, (e) receiving a bit 
from a medium that couples the receiver to the transmis 
sion circuit, (f) indexing a different row of the matrix of 
data bits, (g) decoding one channel from a plurality of 
distinct data channel outputs, which correspond to the 
plurality of distinct channel inputs at the transmitter, 
using the first Subset of one or more columns of the 
indexed row, (h) comparing the received bit to each of 
the plurality of possible code values that are derived 
from the second Subset; and 
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outputting, for the symbol time and based on performing 
(h) for a plurality of bits for each decoded channel, a data 
value for each of the distinct data channel outputs. 

7. The method of claim 6, further comprising synchroniz 
ing (a) indexing in the transmitter and (f) indexing in the 
receiver. 

8. The method of claim 1, wherein (c) determining the code 
value comprises determining the code value based on the data 
value. 

9. The method of claim 8, wherein the data value is a binary 
value, and (c) determining the code value comprises selecting 
a different portion of one of two columns of the matrix of data 
bits for each chip time, the one of two columns being selected 
based on the data value. 

10. The method of claim 8, wherein the data value has one 
of m possible predetermined values, and (c) determining the 
code value comprises selecting a different portion of one ofm 
columns of the matrix of data bits for each chip time, the one 
of m columns being selected based on the data value. 

11. The method of claim 1, wherein (c) determining the 
code value comprises applying a logical function to bits in 
two or more columns having power-of-two indices in the 
matrix of data bits. 

12. A system comprising: 
a transmitter comprising: a plurality of data channel inputs 

that receive corresponding data channel input values 
during each symbol time, wherein each symbol time 
comprises a plurality of chip times; a coder that codes 
each data channel input value with a corresponding data 
channel code value; a multiplexer that selects a data 
channel code value for one of the data channel inputs 
during each chip time; and transmit circuitry that trans 
mits the selected data channel code value during each 
chip time to a receiver, and 

a receiver comprising: receive circuitry that receives data 
during each chip time, a demultiplexer that associates 
the received data with a particular data channel, a 
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decoder that decodes data received during multiple chip 
times for each data channel, and a plurality data channel 
outputs that each provide decoded data for each data 
channel during a symbol time. 

13. The system of claim 12, further comprising a controller 
that controls both the coder and the multiplexer based on a 
matrix of data bits. 

14. The system of claim 13, wherein the controller controls 
the coder and multiplexer based on values in a different row of 
the matrix of data bits during each chip time. 

15. The system of claim 13, wherein the matrix of data bits 
comprises a first matrix that is derived from a Hadamard 
matrix whose rows have been randomly or pseudo-randomly 
shuffled. 

16. The system of claim 15, wherein the first matrix com 
prises only columns having power-of-two indices from the 
Hadamard matrix whose rows have been randomly or 
pseudo-randomly shuffled. 

17. The system of claim 15, further comprising a transmit 
ter counter and a receiver counter that are synchronized and 
incremented during a each chip time. 

18. The system of claim 17, wherein the transmitter counter 
indexes a row in the matrix of bits, and during each chip time, 
a first portion of indexed row controls the coder and a second 
portion of the indexed row controls the multiplexer. 

19. The system of claim 17, wherein the receiver counter 
indexes a row in the matrix of bits, and during each chip time, 
a first portion of the indexed row controls the demultiplexer. 

20. The system of claim 12, wherein the receiver further 
comprises a plurality of correlators that are employed, over 
the course of each symbol time, by the decoder to decode 
received data for each data channel. 

21. The system of claim 20, wherein the plurality of corr 
elators calculate a correlation between received data and each 
of a plurality of possible data channel code values. 
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